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A MICROELECTROMECHANICAL STRUCTURE AND 
A METHOD FOR MAKING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation-in-part of 1) US patent application 10/402,789 
to Patel et al, filed March 28, 2003, the subject matter being incorporated herein by 
reference. 

TECHNICAL FIELD OF THE INVENTION 
[0002] The present invention is related generally to microelectromechanical systems, 
and, more particularly, to materials used for structures of micromirrors of spatial light 
modulators and methods for releasing the micromirrors using spontaneous gas phase 
chemical etchants. 

BACKGROUND OF THE INVENTION 
[0003] The present invention relates to microstructures, such as reflective micromirrors 
and micromirror arrays of spatial light modulators used in digital displays systems. A 
typical micromirror operates in binary states - an ON state and an OFF state. In digital 
display applications, each micromirror is associated with a pixel of an image. At a time 
when the pixel is "bright", a micromirror is set to the "ON" state. Incident light from a 
light source of the system is reflected by the micromirror in the ON state into a cone of 
reflected light so as to generate a "bright" pixel on a display target of the system. At 
another time when the pixel of the image turns to "dark", the micromirror is switched to 
the "OFF" state. The incident light is reflected into another cone of reflected light so as to 
generate a "dark" pixel on the display target. 

[0004] The ON state and the OFF state of the micromirrors are defined by rotation 
angles of movable mirror plates of the micromirrors, which have hinges for allowing 
rotation of the mirror plates. By rotating the mirror plates between the rotation angles, the 
micromirrors are switched between the ON state and the OFF state, resulting in "bright" 
and "dark" pixels on the display target. Grayscale images can be produced by the 
micromirrors using pulse-width-modulation techniques, and color images can be achieved 
by the micromirrors using sequential-color-display techniques. 
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[0005] Regardless of the different applications, properties, such as mechanical and 
electrical properties of the structures of the micromirrors are among those determinative 
factors affecting the performance of the micromirrors in the applications. . 

SUMMARY OF THE INVENTION 
[0006] In an embodiment of the invention, an etching method is disclosed. The method 
comprises: loading a workpiece into an etching chamber, the workpiece comprising a first 
area to be removed by a spontaneous vapor phase chemical etchant and a second area to 
remain after the first area being removed, wherein the second area comprises an 
intermetallic compound; providing the spontaneous vapor phase etchant to the etching 
chamber; and removing the first area while leaving behind the second area. 
[0007] In another embodiment of the invention, a method is disclosed. The method 
comprises: forming a microstructure, comprising: providing a substrate; depositing a first 
and second sacrificial layer on the substrate; and forming a first and second structural 
layers on the sacrificial layers, wherein at least one of the two structural layers comprises 
an intermetallic compound; loading the microstructure to an etching chamber; and 
removing the sacrificial layers using a spontaneous vapor phase chemical etchant. 
[0008] In yet another embodiment of the invention, a method for making a 
microstructure is disclosed. The method comprises: depositing a sacrificial material on a 
substrate, the sacrificial material comprising a metal; depositing a structural layer after 
depositing the sacrificial material, wherein the structural layer comprises a material other 
than the sacrificial material, and wherein the structural layer comprises an intermetallic 
compound; and removing the sacrificial material with a spontaneous vapor phase chemical 
etchant. 

BRIEF DESCRIPTION OF DRAWINGS 
[0009] While the appended claims set forth the features of the present invention with 
particularity, the invention, together with its objects and advantages, may be best 
understood from the following detailed description taken in conjunction with the 
accompanying drawings of which: 

[0010] FIG. 1 schematically illustrates a cross-sectional view of a microstructure 
according to an embodiment of the invention; 

[0011] FIG. 2 schematically illustrates a cross-sectional view of another microstructure 
according to another embodiment of the invention; 
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[0012] FIG. 3 is a block diagram schematically illustrating an etching systems for 
releasing the microstructure by removing the sacrificial material of the microstructure; 
[0013] FIG. 4a is a side-view of an exemplary micromirror fabricated according to the 
embodiment of the present invention; 

[0014] FIG. 4b is another side-view of the exemplary micromirror of FIG. 4a; 

[0015] FIG. 5 schematically illustrate a portion of a spatial light modulator having an 

array of micromirrors; and 

[0016] FIG. 6 is a block diagram illustrating an exemplary digital display system 
employing the spatial light modulator of FIG. 5. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
[0017] The method of the present invention provides a method for fabricating a 
microstructure. During the fabrication, a plurality of structural layers are deposited and 
patterned into desired shapes. Between two adjacent structural layers, a sacrificial layer is 
deposited and patterned. The microstructure is released by removing the sacrificial layers 
with the structures left behind. 

[0018] In the following, embodiment of the present invention will be discussed in detail 
with reference to a fabrication process for a micromirror device of a spatial light 
modulator for use in digital display applications. It will be appreciated by those skilled in 
the art that the following discussion is for demonstration purposes only, and should not be 
interpreted in any way as a limitation on the present invention. For example, the present 
invention is applicable to fabrications of other types of microstructures other than 
micromirrors. Other variations in materials, fabrication processes, and configurations of 
the microstructures are possible without departing from the spirit of the present invention 
[0019] Referring to FIG. 1, a cross-sectional view of a portion of a micromirror device 
before release is illustrated therein. In its very basic configuration, the microstructure 
comprises substrate 120, first sacrificial layer 126, first structural layer 130, second 
sacrificial layer 134 and second structural layer 138. Layers 128, 132, 136, 140 and 142 
are optional layers which will be discussed afterwards. 

[0020] In an embodiment of the invention, the substrate is a standard silicon wafer that 
further comprises an electrode and circuitry formed in layer 122. The second structural 
layer is a mirror plate layer of the micromirror for reflecting visible light, and the first 
structural layer 130 is a hinge layer for holding the mirror plate above the substrate such 
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that the mirror plate can rotate relative to the substrate after the sacrificial layers being 
removed. In this embodiment, layer 124 is a dielectric layer (e.g. SiC>2 or SiN x ) for 
protecting the electrode and circuit layer 122. 

[0021] In another embodiment of the invention, the substrate is transparent to visible 
light (e.g. 1737F, Eagle 2000, quartz, Pyrex™, sapphire). Layer 130 is a mirror plate for 
reflecting visible light, and layer 138 is the hinge layer for holding the mirror plate above 
the substrate such that the mirror plate can rotate relative to the substrate after the 
sacrificial layers are removed. In this embodiment, the electrode and circuit layer 122 is 
not formed and the dielectric layer 124 is not deposited. 

[0022] In either embodiment, the micromirror may comprise other optional layers, such 
as layers 128, 132, 136, 140 and 142 and other layers (structural layers and /or sacrificial 
layers, which are not shown in the figure) on layer 142. Specifically, layers 128, 132, 136 
and 140 are barrier layers deposited during the fabrication for preventing diffusions and 
interactions between the sacrificial layers and the structural layers. In particular, barrier 
layer 128 is deposited on sacrificial layer 126 before deposition of structural layer 130. 
Barrier layer 132 is deposited on structural layer 130 before depositing sacrificial layer 
134. As a result, structural layer 130 is isolated from the sacrificial layers. Similarly, the 
barrier layers 136 and 140 are deposited immediately before and after the deposition of 
structural layer 138 such that structural layer 138 is isolated from the sacrificial layers 134 
and 142. Of course, barrier layer 140 may not be deposited if sacrificial layer 142 is not 
provided, which occurs especially when no other structural layers is to be formed on 
structural layer 138. Meanwhile, it is not an absolute requirement that each structural 
layer is surrounded by two barrier layers. Instead, a structural layer can be directly 
deposited on a sacrificial layer without depositing a barrier layer therebetween, especially 
when the sacrificial material neither diffuses into nor interacts with the structural layer. 
[0023] The barrier layers can be a layer to be removed with the sacrificial layers such as 
those illustrated in FIG. 1. During the fabrication, when a barrier layer is to be patterned, 
it is preferably patterned along with the adjacent sacrificial layer. Alternatively, the 
barrier layer can be a layer not to be removed with the sacrificial layers and instead, it 
remains with the structural layers after removing the sacrificial layers as shown in FIG. 2. 
In this case, the barrier layers are patterned according to the adjacent structural layers. 
[0024] Although both of the barrier layers in FIG. 1 are removable, and both of the 
barrier layers in FIG. 2 are non-removable, these are not absolute requirements. In an 
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alternative embodiment, removable and non-removable barrier layers both can be used in 
one fabrication of a micros true ture. Specifically, one or more of the barrier layers 
between the structural layers and the sacrificial layers are removable barrier layers and the 
rest of the barrier layers are non-removal barrier layers. During the fabrication process, 
the removable barrier layer(s) are patterned along with the adjacent sacrificial layers, 
while the non-removal barrier layer(s) are patterned according to the adjacent structural 
layers. 

[0025] According to the invention, the structural layer comprises an intermetallic 
compound, such as Ti x Al y , Ni x Al y , Ti x Ni y , VA1 X , WTe x , TiFe x , TiPd x , AlPd x , MoPd x , 
MoNi x , MoFe x , CoCr x , CoMn x , NiW x , NiV x , NiTi x Al y , NbAl x , MoPd x , AlCu x CuZn x , and 
TaAl x . The intermetallic compound may be composed of an early transition metal. The 
early transition metals are those elements in the periodic table in columns 3 through 7, 
namely columns beginning with Sc, Ti, V, Cr, and Mn. Preferred are those elements in 
columns 4 through 6 (i.e. Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, and W), and elements Tc and Re 
in column 7. However late transition metals in columns 8, 9 and 10 (e.g. Ru, Os, Rh, Ir, 
and Pt) may also be possible in the present invention. Of course, selected metals, such as 
Al is also applicable. Other structural materials may comprise materials that are 
predominantly intermetallic compounds that are further strengthened by addition of one or 
more strengthen materials, such as O and N. In this situation, the structural material 
comprises at least 60 atomic % or more, or 80 atomic % or more, or 90 atomic % or more, 
or 95 atomic % or more of the intermetallic material. It is further preferred that the 
intermetallic compound comprises a transition metal. 

[0026] The sacrificial material for the sacrificial layers is preferably selected from the 
group consisting of elemental early transition metal, metal alloy, metalloid, metal silicide 
and other suitable materials such as WN X and TaN x . Preferred early transition metals are 
those elements in columns 4 through 6 (i.e. Ti, Zr, Hf, V, Nb, Ta, Cr, Mo and W). 
Exemplary metal alloys for the sacrificial layers are W x Ta, W x Ti, W x Mo and W x Cr. 
Exemplary metalloids for the sacrificial layers are Si, Ge and SiGe. Exemplary metal 
silicides for the sacrificial layers are WSi x , TiSi x , MoSi x , ZrSi x , CrSi x , TaSi x and TiWSi x . 
Most preferred materials are Ti, Si, W, WN and compounds or alloys thereof. 
[0027] For a barrier layer to be removed along with the sacrificial layers, it is preferred 
that (1) the barrier material of the barrier layer neither diffuses into nor interacts with the 
adjacent structural layer(s); and (2) the barrier material is removable by the chemical 
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etchant for removing the sacrificial layers. Such barrier material can be selected from the 
materials for the sacrificial layers as discussed above. 

[0028] For a barrier layer not to be removed during the removal of the sacrificial layers 
and remain after the removal of the sacrificial layers, it is preferred that (1) the barrier 
material of the barrier layer neither diffuses into nor interacts with the adjacent structural 
layer(s); and (2) the barrier material is non-removable by the chemical etchant for 
removing the sacrificial layers. Such barrier material can be selected from the materials 
for the structural layers as discussed above. 

[0029] After all structural layers are deposited and patterned according to the desired 
configuration, the sacrificial layers and the removable barrier layers are removed using a 
spontaneous vapor phase chemical etchant. According to the invention, the etchant is 
selected from a group comprising interhalogen (e.g. bromine trifluoride), noble gas halide 
(e.g. xenon difluoride) and HF, and more preferably xenon difluoride. It is further 
preferred that the chemical etchant is mixed with a diluent gas, which is preferably an inert 
gas selected from N2, He, Ne, Ar, Kr, and Xe, and more preferably He and N2, as set forth 
in US pat applications, serial number 09/427,841 to Patel, filed Oct. 26, 1999; serial 
number 09/649,569 to Patel, filed August 28, 2000; and serial number 10/269,149 to Patel, 
filed Oct 12, 2002, the subject matter of each being incorporated herein by reference. 
[0030] In the following, an exemplary etching process for the microstructure will be 
discussed with reference to an etching system as shown in FIG. 3. It will be understood 
that the following discussion is for demonstration purposes only. Other etching processes 
and systems may be applicable. Referring to FIG. 3, the etching system comprises etch 
chamber 154 and exchange chamber 156. The etch chamber contains the microstructure 
(e.g. micromirror) having a sacrificial material (e.g. amorphous silicon) to be removed. A 
chemical etchant that reacts with the sacrificial material and generate reaction products in 
vapor phase that can be evacuated from the etching system is selected. In the embodiment 
of the invention, the etchant is selected from a group comprising interhalogens, noble gas 
halides and HF. In particular, when the sacrificial material is amorphous (or porous) 
silicon, xenon difluoride is selected as the etchant. The spontaneous vapor phase XeF2 is 
mixed with a diluent gas to form an etchant recipe in the exchange chamber. In the 
embodiment of the invention, the diluent gas is preferably an inert gas, such as nitrogen, 
helium, argon, krypton, neon or xenon or a mixture of one or more inert gases, and more 
preferably an inert gas having a large collision diameter and large molar weight. The 
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cubic volume of the exchange chamber is preferably much less than (e.g. around one 
twentieth of or one fiftieth of) the cubic volume of the etch chamber such that the amount 
of the mixed gas of XeF2 and the diluent gas is smaller than the mixed gas (including the 
etchant, the diluent gas and the etching products) in the etch chamber. As a result, the 
feeding of the mixed gas into the etch chamber during one feeding cycle does not 
dramatically change the etching process, such as the etching rate inside the etch chamber. 
[0031] The exchange chamber, the etch chamber and valve V3, circulation pump 168, 
valve V4 and detector 178 form the outer circulation loop illustrated as a dotted line. The 
etch chamber, circulation pump 168, valve V5 and detector form the inner circulation loop 
as illustrated in another dotted line. The arrows in the figure represent the flow direction 
of the mixed gases within the etching system. Of course, the flow directions can be 
reversed, as long as all flow directions within each segment of the flow path are reversed. 
The circulation pump 168 continuously pumps the gases passing by so as to maintain the 
circulation via the two loops. The detector dynamically measures the concentration of a 
reaction product such as SiF 4 gas. The measured concentration is then analyzed by the 
processing unit to obtain the progress information on the etching process inside the etch 
chamber. In the embodiment of the invention, the detector is a MKS Process Sense that 
uses Infra-Red light to detect the reaction products. Other detectors, such as a Residual 
Gas Analyzer from AMTEK may also be employed. 

[0032] Valves V3, V4 and V5 switch the circulation via the inner circulation loop and 
the outer circulation loop. Specifically, the outer circulation is activated by opening (e.g. 
allowing the gas to flow through) the valves V3 and V4, and closing (e.g. blocking the gas 
to flow through) valve V5. The inner circulation loop is activated by opening valve V5 
and closing valves V3 and V4. 

[0033] The exchange chamber is further connected to diluent source chamber 160 via 
valve VI, and the diluent source chamber is connected to diluent gas cylinder 166. In 
addition to the diluent source chamber, the exchange chamber is also connected to etchant 
source chamber 162 via valve V2 and pump 107 via valve V6. The etchant source 
chamber is further connected to the etchant gas container, such as XeF 2 container 164. 
[0034] The etching process begins with filling the exchange chamber and the etch 
chamber with the helium gas that has a pressure preferably of from 1 to 700 torr, and more 
preferably from 20 to 500, and more preferably from 20 to 100 torr, as long as the mean- 
free-path of the diluent gas is equal to or less than the minimum size of the gap within the 
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microstructure. This filling step is achieved by opening valves VI, V3, V4 5 V5 and 
closing valves V2 and V6 for a time period, preferably around 500 milliseconds until the 
diluent gas inside the etching system reaches equilibrium. The exchange chamber is then 
pumped out so as to reduce the pressure inside exchange chamber and meanwhile, 
circulating the diluent gas through the inner loop for a time period preferably from 100 to 
1500 milliseconds. This step is accomplished by opening valve V5 and valve V6 and 
closing valves VI, V2, V3 and V4. As a result, the pressure inside the exchange chamber 
is reduced to a pressure of from 1 to 15 torr, while the pressure inside etch chamber 106 is 
maintained at its initial pressure. Because the pressure of the exchange chamber is equal 
to or below the pressure of XeF2 inside etchant source chamber 102, XeF2 can thus flow 
into the exchange chamber by opening valve V2 and closing valves VI, V3, V4 and V6. 
At this step, valve V5 is left open - allowing the diluent gas to keep on circulating via the 
inner circulation loop. 

[0035] At the point, an etchant recipe having the etchant gas and the diluent gas is 
prepared. The partial pressure of the etchant gas is preferably of from 1 to 1 5 torr, and 
more preferably around 4 torr. A ratio of the partial pressure of the etchant gas to the 
partial pressure of the diluent gas is from 1/1000 to 1/100, and more preferably from 6/100 
to 4/200. During this step, a first amount of XeF 2 flows into the exchange chamber. The 
amount may be controlled by the duration of opening valve V2. Alternatively the amount 
can be controlled through controlling the duration of the opening of valve V6. For 
example, by controlling the open duration of valve V6, the pressure of the gas left inside 
the exchange chamber can be set to a desired pressure value, such as 1 torr, 2 torr and 3 
torr, wherein the desired pressure corresponds to the desired additional amount of XeF2 to 
be filled into the exchange chamber. For example, when the pressure of the gas inside the 
exchange chamber is set to 1 torr, an additional amount of XeF 2 corresponding to 3 torr (3 
torr = 4 torr - 1 torr) is fed into the exchange chamber when valve V2 is opened. In the 
embodiment of the invention, the duration of opening valve V2 is preferably around 500 
milliseconds. The helium diluent gas mixes with the XeF 2 etchant gas and reaches 
equilibrium. This step is accomplished by opening valve VI and closing valves V2, V3, 
V4 and V6 for a time duration preferably around 100 milliseconds. After the XeF 2 gas is 
mixed with the helium gas, the mixed gas is then fed into etch chamber 106. This feeding 
step is accomplished by opening valve V3 and valve V4 and closing the rest of the valves, 
including valves VI, V2, V5, and V6. It can be seen that, by closing valve V5 and 
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opening valves V3 and V4, the inner circulation loop is closed and the outer circulation 
loop is opened. As a result, the mixed gas flows via the outer circulation loop and passes 
through the etch chamber for etching the amorphous silicon through the chemical reaction 
inside the etch chamber. This step may last for a time period, preferably from 1000 to 
3000 milliseconds, depending upon the measurement result of the detector 109. 
[0036] After the feeding of the first amount of the etchant recipe into the etch chamber, 
additional etchant recipes maybe fed into the etch chamber to maintain a constant etching 
rate of the sacrificial material. The timing for feeding the additional amount of the etchant 
recipe can be determined in many ways. In an embodiment of the invention, the additional 
etchant recipes are fed according to a sequence of feeding cycles. An amount of the 
etchant recipe is fed into the etch chamber during a time slot in each feeding cycle. 
[0037] For example, during the first time slot of the first feeding cycle, a first amount of 
the selected etchant recipe is fed into the etch chamber. The etchant recipe then 
chemically reacts with the sacrificial material - resulting reaction products, also in gas 
phase. The chemical reaction consumes the selected etchant of the etchant recipe and 
decreases the amount of the etchant inside the etch chamber. This decrease slows down 
and may even stop the chemical reaction within the etch chamber before all sacrificial 
materials are removed. Therefore, a second amount of the selected etchant is fed into the 
etch chamber during the second time slot of the second feeding cycle. For the same 
reason, a third amount of the selected etchant is fed into the etch chamber during the third 
time slot of the third feeding cycle, if the sacrificial material within the etch chamber is not 
removed. The feed process continues until all sacrificial materials are removed or in 
practice, the amount of the sacrificial material inside the etch chamber is below a 
predefined value. The durations of the feeding cycles and time intervals between adjacent 
feeding cycles may or may not be the same. Instead, the duration of the feeding cycles, 
and the time interval between adjacent time slots are individually adjustable. This benefits 
the control of the etching rate (e.g. defined as the amount of sacrificial materials removed 
through the chemical reaction per second) through out the etching process. In an 
embodiment of the invention in which XeF 2 is used as the etchant for removing 
amorphous silicon in micromirror devices, the etching rate is preferably from 10 to 50 
angstroms per second, more preferably from 20 to 30 angstroms per second, and more 
preferably around 20 angstroms per second. 
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[0038] In another embodiment of the invention, additional etchant recipes are fed into 
the etch chamber based on a measurement of the detector. For example, the detector 
dynamically measures the concentration of the etchant inside the etch chamber. Whenever 
a decrease of the concentration is observed, an additional amount of the etchant is fed into 
the etch chamber so as to maintain a constant concentration of the etchant within the etch 
chamber. As a result, a constant etch rate can be obtained. 

[0039] When the concentration of the etchant can not be measured precisely, the detector 
can measure the concentration of an etch product, such as SiF 4 using Infra-Red light. In 
this case, the derivative (dCsiF4 / dt) is real-timely calculated by the data processing unit. 
These parameters are then used to derive the surface area of the amorphous silicon so as to 
determine whether the surface area changes. If the surface area changes, an additional 
amount of the etchant recipe is prepared and fed into the etch chamber. 
[0040] After the sacrificial material and removal barrier layers are removed, structural 
layers and non-removal barrier layers remain. The etching process is terminated and the 
microstructure can be unloaded from the etch chamber. Other optional processes, such as 
coating the microstructure with self-assembly-monolayer (SAM) material, can then be 
performed. Specifically, the etch chamber is pumped out to remove the gases from inside 
the etch chamber. The microstructure is unloaded from the etch chamber and transferred 
into the SAM chamber (SAM chamber 172 in FIG. 3). The SAM chamber is then filled 
with the SAM material so as to coat the microstructure with the SAM material at step. 
After the coating, the microstructure is unloaded from the SAM chamber. In transferring 
the microstructure from one chamber (e.g. the etchant chamber) to another (e.g. the SAM 
chamber), a load-lock that connects the chambers is preferably employed. During a 
transfer from one chamber to another, the microstructure is unloaded from the first 
chamber and loaded into the load-lock before loading the microstructure into the second 
chamber. 

[0041] In addition to SAM coating process, breakthrough etch may also be applied to the 
microstructure. Specifically, the breakthrough etch for removing the non-spontaneously- 
etchable films on the sacrificial materials is performed at breakthrough chamber 170 (in 
FIG. 3) before etching the microstructure using spontaneous vapor phase XeF 2 . After the 
completion of the breakthrough etch, the microstructure is unloaded from the 
breakthrough chamber and transferred into the etch chamber. 
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[0042] As an example, FIG. 4a and FIG. 4b illustrate a micromirror as discussed above 
with reference to FIG. 1, in which substrate 120 is a silicon wafer, structural layer 130 is 
the hinge and structural layer 138 is the mirror plate. Referring to FIG. 4a, the 
micromirror is formed on the silicon wafer 120 that further comprises electrodes 188a and 
188b (which are overlapped in the cross-sectional view of FIG. 4a). The silicon wafer 
further comprises a circuit (not shown) for controlling the voltage level of the electrodes. 
Hinge 130 is formed above and connected to the silicon wafer via two posts 184a and 
184b. Mirror plate 138 is connected to the hinge via post 182. In operation, voltages 
determined by the circuit are applied to the electrodes, and electrostatic fields are 
established between the mirror plate and the electrodes. In response to the electrostatic 
fields, the mirror plate rotates relative to the substrate for reflecting light into desired 
directions. 

[0043] FIG. 4b illustrates another cross-sectional view of the micromirror. In this cross- 
sectional view, posts 184a and 184b are overlapped. The two electrodes 188a and 188b 
are disposed on either side of the mirror plate for rotating the mirror plate. 
[0044] Referring to FIG. 5, a portion of a spatial light modulator having an array of 
micromirrors of FIG. 4a and FIG. 4b is illustrated therein. As can be seen in the figure, 
micromirror array 194 is formed on substrate 120, which is a silicon substrate having 
electrode array 192 and circuit array 190. Each electrode is connected to a circuit and 
associated with a mirror plate for rotating the mirror plate. 

[0045] The spatial light modulator in FIG. 5 can be implemented in a digital display 
system, such as the system in FIG. 6. In its very basic configuration, the display system 
comprises light source 198, optical devices (e.g. light pipe 200, collection optics 204 and 
projection optics 208), display target 206 and spatial light modulator 210. Light source 
198 (e.g. an arc lamp) directs light through the light integrator/pipe 200 and collection 
optics 204 and onto spatial light modulator 210. The micromirrors of the spatial light 
modulator 210 are selectively actuated by a controller (e.g. as disclosed in US patent 
6,388,661 issued May 14, 2002 incorporated herein by reference) so as to reflect - when in 
their "ON" position - the incident light into projection optics 208, resulting in an image on 
display target 206 (screen, a viewer's eyes, a photosensitive material, etc.). Exemplary 
operation methods are disclosed in US patent 6,388,661, and US patent application serial 
number 10/340,162, filed on January 10, 2003, both to Richards, the subject matter of each 
being incorporated herein by reference. Grayscale images can be displayed with the 
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display system using a pulse-width-modulation technique, and color images can be 
achieved using color wheel 202. 

[0046] It will be appreciated by those of skill in the art that a new and useful spatial light 
modulator has been described herein. In view of the many possible embodiments to which 
the principles of this invention may be applied, however, it should be recognized that the 
embodiments described herein with respect to the drawing figures are meant to be 
illustrative only and should not be taken as limiting the scope of invention. Those of skill 
in the art will recognize that the illustrated embodiments can be modified in arrangement 
and detail without departing from the spirit of the invention. Therefore, the invention as 
described herein contemplates all such embodiments as may come within the scope of the 
following claims and equivalents thereof. 
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